Introduction
ACUTE spinal cord injuries are associated with a high degree of morbidity and mortality because of the massive trauma involved as well as the abrupt and severe state of immobility characteristic of these injuries and their treatment. Loss of spinal alignment in cases of spinal instability following injury are often associated with deterioration of neurological function. This loss of function can be secondary to unskilled patient handling or the use of hospital beds or equipment not capable of maintaining alignment during turnings or other treatments (Heiden et al., I975; Smith et al., I975; Keane, I977; Slabaugh & Nickel, I978). However, the major cause of high morbidity and mortality reported in most series of acute spinal cord injured patients is cardiopulmonary. The most common pathological states found in these patients are pulmonary oedema, atelectasis, pneumonia and less commonly, pulmonary emboli (Cheshire, I964; Keane, I972; Bellamy et al., I973; Heiden et al., I975) . The cardiovascular system is equally devastated by the loss of ortho static reflexes and the high incidence of thrombo-phlebitis and pulmonary emboli (Deitrick et Another system often involved with acute complications following spinal cord injury is the gastro-intestinal tract. Common early complications include paralytic ileus and gastro-intestinal haemorrhage (Langenback, 1969; Heiden et ai., 1975) .
In addition, these patients' metabolic homeostasis is often seriously imbalanced.
The musculoskeletal system is often directly traumatised in these patients. In addition it can be compromised by a significant number of developing problems including: disuse atrophy, contractures (GassIer, 1973) , spasticity, osteoporosis (Bergmann et ai., 1977) with pathological fractures, and heterotopic bone formation (Venier & Ditunno, 1971; Nicholas, 1973) .
The most serious neurological morbidity is the occurrence of deterioration of fu nction after a secondary injury to the spinal cord associated with spinal column instability. Decubitus ulcers present catastrophic problems not only in the acute spinal cord injured patient but also in cases of more chronic paralysing lesions (Carpendale, 1972; Keane, 1972; Macauley & Weiss, 1978) .
The Roto-Rest Mark I bed developed by Dr Frank Keane of Ireland has been reported to be of multisystem benefit in the care of paraplegic and quadriplegic patients (Keane, 1967 (Keane, , 1970 (Keane, , 1971 (Keane, , 1972 (Keane, , 1977 . The Mark I is a versatile intensive care bed which places the patient in perpetual motion with a turning frequency of greater than 200 times per day which may be compared to the usual 12 times per day as performed at conventional nursing units. This bed has been uniquely capable of immobilising acutely injured patients with spinal instability while allowing access to all areas of the body to perform necessary nursing care and other medical treatments. Of special benefit to acute spinal cord injury care are the radio-lucent hatches and mobile surface packs which allow total X-ray surveillance of the patient without compromising spinal alignment.
Methods
This paper is a summ ary of a 42-month experience with 105 acute spinal cord injured patients at the South Florida Regional Spinal Cord Injury System at Jackson Memorial Hospital and Miami Veterans Administration Spinal Cord Injury Center. Both centres are affiliated with the University of Miami School of Medicine and staffed by the same neurological and orthopaedic surgery teams. The length of Kinetic Nursing varied from a few hours in patients who died shortly after admission, to several years in the cases of a few high cervical injured quadriplegics. The longest patient treatment interval was three and one-half years following acute injury in the case of a CI quadriplegic with implanted phrenic nerve stimulators. The majority of the patients were quadriplegic males with an age range between 6 and 82 years with few patients at either extreme. The majority of patients had multiple injuries associated with their spinal cord injury. The ratio of quadriplegics to paraplegics was 10 to I. With the limited number of Roto-Rests available, only the more severe injuries were able to be placed in these beds.
Results
This group of spinal cord injured patients experienced a remarkably low incidence of morbidity and mortality compared to similar reports of conventionally treated patients (Burke et ai., 1960; Freed et ai., 1966; Guttmann, 1973; Bergman et ai., 1977; Mesard et ai., 1978) . Mortality from cardiopulmonary complications occurred in only seven of the 105 acute spinal cord injured patients. This incidence is much lower than reported in other large series (Wolman, 1965; Wilcox, 1972; Heiden et ai., 1975) . All seven patients were high quadriplegics with severe multiple injuries, five of whom died within 1 week following admission. The other two died after more than 6 months of Kinetic Nursing and both were high quadri plegics. Injury-related pre-existing respiratory complications responded well to Kinetic Nursing. Only two of the 105 patients developed pneumonitis or atelectasis following the institution of Kinetic therapy. In addition to diminishing stasis of respiratory secretions, the Roto-Rest was shown to be of particular benefit to patients with significant pulmonary shunts (Schimmel et ai., 1977) . Of special clinical significance was the lack of any identifiable cases of thrombo-phlebitis or pulmonary embolus in the 105 patients. This was attributed to the continuous smooth motion of the Roto-Rest reducing venous stasis (Keane, 1972) . It has been well documented that cardiovascular stability is difficult to maintain in either a supine or prone position, especially in patients with chest injuries (Olson, 1967) . The versatility of postural adjustments of the Mark I allowed effective treatment of patients with neurogenic shock associated with a sympathectomy-like syndrome following acute cervical or upper thoracic injury.
Autonomic dysreflexia has rarely been observed in this group of kinetically nursed acute spinal cord injuries. It has been suggested that this observation might be related to the general decrease of noxious stimuli from complications commonly observed in this group of patients.
There were no observed cases of urinary tract calcifications. The decrease in frequency of upper urinary tract infections observed might be due to diminished urinary stasis or the prevention of reflux contamination with the through-the-table drainage capability of the Roto-Rest bed.
Gastro-intestinal complications were also reduced with only two cases of haemorrhage observed in this group. In addition, a low incidence of paralytic ileus or problems with constipation or fecal impactions were noted. There is no doubt that this apparent decrease in genito-urinary and gastro-intestinal complications must also be credited to the excellent nursing care provided these patients in the spinal cord injury centre setting.
Of special interest was the lack of observed deterioration of function in this series of 105 acute spinal cord injured patients. The ability of the Roto Rest to maintain spinal stability is of great importance to physicians treating these injuries. In addition, these authors observed an excellent fusion rate in both surgically and non-surgically treated spinal fractures nursed in these beds. These observations are attributed to the minimisation of mobility at the fracture site and to the diminished skeletal loss of calcium documented with kinetic care on the Roto Rest (Green, 1976; Keane, 1977) .
Our staff has made the gross observation that patients nursed on the bed seem to lose less muscle mass and maintain their pre-injury weight to a greater degree than conventionally nursed patients. Dr Keane has performed histological studies to support his similar clinical observations (Keane, 1972) .
The incidence of decubitus ulcers was only seven occurrences in 105 patients. Only three of these cases could not be treated appropriately on the Roto-Rest. Two were patients with extreme obesity and one was a patient with extreme emaciation with extraordinary bony prominences. Recent changes in the newer Roto-Rest models have minimised these adjustment difficulties.
Forty-two of the 105 patients received surgery while on the Roto-Rest bed and thus had a continuum of Kinetic Nursing during the pre, and post operative period. We found the Roto-Rest bed to be a most versatile operating room table.
This capability affords the surgeon the opportunity of maintaining spinal alignment during all phases in the acute care of these patients. Less frequent complaints of fracture site pain have been noted in these patients when compared to other types of conventional beds and frames (Keane, 1970; Green, 1976; Keane, 1977) .
Discussion
The authors feel that the Roto-Rest Mark I bed and Kinetic Nursing have afforded our patients very definite benefits in the care of their injuries. It has been our experience that air beds, mud beds, sand beds, pellet beds and water beds fail to be of benefit in the treatment of any physiological systems except the skin. Other than the Roto-Rest only the Stoke-Egerton bed allows maintenance of skeletal alignment with turning but even this apparatus lacks the other systemic benefits of Kinetic Nursing (Guttmann, 1973) . The Stryker and Circ-o-electric bed have been reported to be ineffective in the management of spinal fractures and acute spinal cord injuries (Coppola, 1977; Slabaugh & Nickel, 1978) . Of special importance in the acute spinal cord injury patient was the significant degree of reduction of cardio-pulmonary complications when compared with conventionally nursed patients with these injuries (Heiden et ai., 1975) .
Education of the physicians, nurses and allied health staff, as well as the patient and their family and friends are all essential components of a successful Kinetic Nursing programme. Emphasis must be placed on the fact that kinetic therapy is not a substitute for good nursing care but does allow the staff to focus their attention on tasks more skilled than lifting and turning the patient. The Roto Rest Mark I bed offers the physicians caring for acute spinal cord injured patients, for the first time, a totally therapeutic tool in their treatment armamentarium (Green, 1975; Coppola, 1977) .
SUMMARY
This paper is a review of 105 acute spinal cord injured patients treated on the Roto-Rest Mark I hospital bed during a 42-month period at the South Florida Regional Spinal Cord System at the Jackson Memorial Hospital in Miami and the Miami Veterans Administration Hospital Spinal Cord Injury Center. The authors observed that Kinetic Nursing was effective in reducing commonly occurring complications in pulmonary, cardiovascular, skin, musculo-skeletal, nervous, gastro-intestinal, and genito-urinary systems. Of special interest in this patient group was the unique ability to maintain spinal stability while mobilising these acutely injured patients in the Roto-Rest bed.
RESUME
Cette presentation passe en revue 105 lesions medullaires fraiches traitees sur des lits Roto-Rest Mark I pendant une periode de 42 mois it l'Hopital Memorial Jackson it Miami et it I'Hopital des Veterans it Miami. Les auteurs soulignent que les soins it donner sur ce lit dit 'kinetique' ont permis de reduire les complications pulmonaires, cardio-vasculaires, cutanes, neurologiques et gastro-intestinal, genito-urinaires. Un tres grand interet chez les malades traites sur ce lit, est Ia possibilite de maintenir la stabilite de Ia colonne vertebrale tout en obtenant une mobilisation de ces blesses (pour ceux qui ne connaissent pas ce lit, il s'agit d'un lit sur Iequel Ie biesse est place en decubitus dorsal, Ie lit effectuant de fac;on constante un retournement alterne avec une frequence de plus de 200 retournements par 24 heures). 
